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INTRODUCTION 
Alterations in lipid metabolism with aging result in an increase 
in serum and selected tissue lipid levels in man (Brody and Carlson, 
1962; Carlson, 1960; and Lewis 1957). These changes have 
also been related to an increased incidence of cardiovascular ab— 
normalities (Stamler, 1967), Similar alterations occur in the rat 
(Kritchevsky and Tepper, 1964; and Carlson, Froberg and Nye, 1968). 
Thyroid hormone secretion rate (TSR) decreases with age in the 
rat (Kuîûareson and Turner, 1967; and Grad and Hoffman, 1955). This, 
tied with the well established inverse relationship of thyroid hormones 
with lipid concentrations (Kritchevsky, 1960; and O'Hara, Porte and 
Williams, 1966), indicates the strong relationship between these two 
variables in the aging process. 
In general, exercise lowers lipid levels in the rat (Jones et al,, 
1966e Aîîd Cflrlsnn «ndl Fr^'herg. 1Q6Q). Soma reports have indicated that 
exercise increases TSR and that this is in part responsible for the 
observed changes in lipid concentrations (Irvine, 1967; Naito, 1971; 
and Story and Griffith, 1972b), 
This study was designed to directly investigate the effects of 
exercise on TSR in relation to the aging process» Evidence was also 
sought as to the effects of the exercise on other variables, including 
serum and hepatic lipidsç body weighty and heart size. Correlations 
between the variables were also investigated in search of evidence 
as to the relationships which may exist physiologically. 
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REVIEW OF LITERATURE 
Thyroid Hormone Secretion Rate 
Relationship with age 
Observation of the similarities between hypothyroidism and some 
aspects of aging was first noticed almost seventy years ago (Lorand, 
1904). Since that time many papers have substantiated these observa­
tions by various histological and biochemical methods. 
Early investigations of the histological structure of the thyroid 
(Cooper, 1929; Klmblè and Stiêglltâ, 1952; and Mustacchl, 1950) in­
dicated a decrease in activity with advancing age. These changes in­
cluded a decreased epithelial cell height and colloid turnover. 
As methods for estimation of thyroid hormone secretion rate (TSR) 
became available, a much better indication of the relationship between 
TSR and age appeared, Grad and Hoffman (1955) utilized the goitrogen 
prevention assay to measure TSR in young and old rats. Their 2% month 
old rats had a TSR of 2.4 micrograms L-thyroxine/100 g metabolic body 
weight/day while the 27 month old group had a TSR of 1,6 micrograms 
L-thyroxine. 
Wilansky, Newsham and Hoffman (1957), using more advanced techniques, 
added more evidence for an overall decline in thyroid activity^ Thyroid 
weight per 100 g body weight was lower in the 24 to 25 month old rats 
as compared to the 4 to 5 month old group. Twsnty=four and 40 hour 
uptake of 1-131 was decreased and biological half-life was increased 
in the old animals. The estimate of TSR in the young rats was 2.25 
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micrograms L-thyroxine/100 g metabolic body weight/day, and for the 
old, 1,75 micrograms. However, they observed no change in protein-
bound iodine with age and concluded that the old rat was not hypothyroid. 
They attributed this to an increased responsiveness of the target 
tissues and an impaired inactivation and excretion of thyroid hormones. 
Grad (1969) investigated this theory in greater detail and found 
that, in thyroidectomized animals, the basal metabolic rate (ml 
oxygen/hr/g metabolic body weight) of the old (30% months) responded 
to a greater extent than the young (9 months) to a single dose (1 mg/100 
g metabolic body weight) of L-thyroxine. Heart rate was also stimulated 
to a greater extent by this dose of L=thyroxine in the old than in the 
young animals. Weight gain and food intake were, however, increased 
to a greater extent in the young animals. He concluded that the old 
animal had a diminished "excretion and/or inactivation" of the thyroid 
hormones compensating for the decline in TSR and yielding an animal 
wîiicî: is not hypothyroid in old age, Fë&thar ir.vsstigsticr.s arc needed 
in this aspect of aging since the increase in sensitivity to thyroxine 
in a thyroidectomized animal (Gregerman and Crowder, 1963) may be mask­
ing the actual results in this type of experiment. 
Additional evidence that indicates a more broad decline in thyroid 
activity was presented by Verzar and Freydberg (1955). Their old rats 
had a decreased 1-131 release from the thyroid as well as a lower 
excretion rate of 1=131, This latter fact is probably due either to 
the lower levels of thyroid hormones being secreted or to a lower 
turnover of thyroxine by the peripheral tissues. 
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A vast amount of evidence from the laboratory of C, W. Turner 
(Turner, 1969; Singh and Turner, 1969; Kumareson and Turner, 1967; and 
Narang and Turner, 1966) has substantiated the decline in TSR with age, 
utilizing the 1-131, thyroxine substitution method for determining 
TSR. Using male rats (Kumareson and Turner, 1967) the decline in TSR 
from 30 days of age to 120 days was 1.40 micrograms L-thyroxine/lOO g 
body weight/day to 1.03 micrograms (26%). Similar declines were found 
in female rats as well as several other domestic and experimental 
animals. 
Gregerman and Crowder (1963) utilized the radioactive thyroxine 
turnover method to evaluate thyroid function. They found an increased 
thyroxine distribution space (TDS) and increased thyroxine degradation 
in 12 month old rats as compared with the 3^ month old group. This 
seems to be opposed to the idea of lower TSR and is directly opposed 
to their earlier findings in man (Gregerman, Gaffney, Shock and Crowder, 
I ^ V A A Mm M j ^ Jm M Am MM M ^ 1 M JU M.. - - — ^ ^ ^ ^ ... * 
to be substantiated before these results can be evaluated. 
There seems to be general agreement, at this point, that TSR 
decreases with advancing age. 
Relationship with exercise 
Direct evidence as to the effects of exercise on TSR is sparse. 
Probably the earliest mention of exercise having an effect on thyroid 
function was from Ocma (1957). He observed an increase in epithelial 
cell height and an increased colloidal depletion in the thyroids of 
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exercised cockerels and concluded that the exercise had increased 
thyroid activity. 
Evidence utilizing more modern and accurate techniques was pre­
sented by Irvine (1967), Exercised horses were found to have de­
creased FBI and thyroxine half-life. The partly trained group had a 
38% increase in TSR and the fully trained a 65% increase . This evi­
dence indicated an increase in turnover of thyroid hormones leading to 
a decrease in negative feedback on the pituitary and this resulting in 
increased TSH output and, correspondingly, an increase in TSR. 
This iuêâ câii be âuppûrtëu by the finuings of Bendy and Hagevcod 
(1952), They kept rats on maintenance doses of thyroxine and reported 
that a two hour bout of exercise lowered the FBI significantly. 
Wilson (1966) found a 207, increase in BMR in men after five weeks 
of athletic training but concluded that there was no change in thyroid 
activity due to the lack of significant change in 1-131 uptake and FBI. 
He did find a 4-5 fold increase in the FBI=i3i, 4 to 8 hours after 
training, indicating the possibility of increased thyroidal output, 
Rhodes (1967) reached the same conclusion as Irvine by measuring 
the spontaneous exercise of rats and comparing this with thyroidal 
iodine content and renewal time. He found a decrease in thyroidal 
Iodine but no signifioant difference in its renewal rate. He theorized 
that the increased expenditure of energy increased the utilization of 
thyroxine. Thus, at steady state, the animal would not be able to 
store as much iodine. 
Carrière and Isler (1959) found that exercise prevented the 
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stimulation of the thyroid usually observed with an iodine deficient 
diet. Their control exercise mice had increased thyroid weight, epi­
thelial cell height, and percent depleted follicles. However, none of 
the changes were statistically significant. The consistent direction 
of these changes indicates some interaction between exercise and thy­
roid function. 
Increased turnover of radiothyroxine with exercise (Escobar del 
Rey and Morrealede Escobar, 1956) serves as prime evidence, In several 
cases, for increased thyroid activity as a result of increased peripheral 
utilization. 
Lipid Ifynamics 
According to Nye and Larking (1970) there are three factors af­
fecting lipid concentrations in man and animals: diet, age, and 
physical activity. 
Relationship with age 
Changes in lipid metabolism with age result in a general increase 
in their concentrations both in man (Brody and Carlson, 1962; Carlson, 
I960: and Lewis et, 1957) and in rat (Kritchevsky and Tepper- 1964; 
Carlson, FrOberg and Nye, 1968; and Carlson and FrSberg, 1969). 
Kritchevsky and Tepper (1964) did find some discrepancy in this 
generalization when various strains of rats were compared. Seine failed 
to increase with age and others had decreasing levels of lipids. How­
ever there is sufficient evidence that, in the Sprague-Dawley rat, 
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lipid levels increase with increasing age (Carlson, Froberg and Nye, 
1968; Story and Griffith, 1972a and 1972b; and Naito, 1971), 
Carlson, FrSberg and Nye (1968) measured cholesterol, phospho­
lipids and triglycerides in plasma and liver and found increases in 
plasma and liver cholesterol and triglycerides in rats from one to 
nine months of age. Phospholipids increased in plasma and decreased in 
liver tissue with age. 
Reasons for these increases involve many aspects of the animal's 
overall metabolism. Hruza and Wachtlova (1969) found higher blood 
cholesteroly larger portion of injected dose of cholesterol in the 
blood, and a longer biological half=iife of radioactive cholesterol in 
old animals. They concluded that the rat excretes cholesterol at a 
slcnsr rats dus to the reduced uptake by tissues in general. This was 
substantiated by a slower uptake by the aorta vitro. This inhibited 
turnover of cholesterol results in a slower disappearance of deposits 
of cholesterol. Tied with the decreased turnover of collagen (Nordgren 
et al., 1969), calcium, and neutral fats (Hruza, 1969), this accumula­
tion of cholesterol may result in a decreased availability of energy, 
blood supply, and permeability. These factors increase the chance of 
illness and prolongation of any illness which may occur in the aging 
animal. 
Yamamoto and Yamamura (1971) added evidence to this theory. Their 
aged rats (13 ûîûûths) had decreased liver cholesterogenesis from acetate 
in vitro, decreased ^  vivo incorporation of acetate into liver and serum 
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cholesterol, decreased bilary and fecal excretion of cholesterol and 
its metabolites, and decreased gastrointestinal absorption of choles­
terol. These factors support the idea of decreased turnover of 
cholesterol in the aged rat. 
Indications that part of the change with age was from some blood 
borne factor came from Hruza (1971b). He connected an old and a young 
rat by parabiosis and measured cholesterol turnover in the old rat be­
fore and after the connection. Connection with the young rat resulted 
in an increased rate of turnover of cholesterol, a faster disappearance 
of a labeled dose of cholesterol injected into the blood, and increased 
incorporation of cholesterol by the aorta in vitro, Some blood borne 
factor from the young animal appeared to reverse the effects which age 
had iuiposGu on ths old animal. 
In general, cholesterol levels appear to increase with age as a 
result of decreased turnover of cholesterol by the aged animal. 
Relationship with thyroid hormones 
The inverse relationship of thyroid hormones and lipid metabolism 
has long been known. Cholesterol has been best investigated but other 
lipid classes show similar responses (Pitt-Rivers and Tata, 1959). 
The specific effects of thyroid hormones have been reviewed by 
Kritchevsky (i960). Thyroid hormones stimulate both synthesis and 
degradation of cholesterol by the liver. The hypocholesteremic effects 
of these hormones appear to be due to a larger increase in degradation 
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and excretion than in synthesis * t'he net effect being a Loss in total 
body cholesterol. This finding has been well substantiated (Rosenman, 
Byers and Friedman, 1952; Rosenman, Friedman and Byers, 1952; Byers 
et_^., 1952; and Weiss and Marx, 1955), 
The same inverse relationship has been found with triglycerides 
(O'Hara, Porte and Williams, 1966; and Naito, 1971). 
Recent evidence (Byers, Friedman and Rosenman, 1970) pointed out 
the importance of growth hormone (GH) in the hypocholesteremic ef­
fects of thyroxine. Rats which had been hypophysectoralzed and given 
thyroxine had some cholesterol lowering effect^ The maximum decrease 
in serum cholesterol was achieved only when GH was administered. Since 
GH levels are reduced in the thyroidectomized animal (Eartly and Leblond, 
1954) they theorized that the resultant hypercholesteremia of hy­
pothyroidism was due to the lack of GH. In a similar experiment, 
Beher _et al, (1964) were unable to duplicate the steroid metabolism 
of the intact animal by thyroxine injection in a hypcphyaseLùiïiiiêu 
animal. It seems that GH may play an important part in cholesterol 
metabolism as affected by thyroxine, but it appears that it is not 
the only factor involved, due to the in vitro effects of thyroid 
hormones on cholesterol metabolism. 
Relationship with exercise 
The collection of data concerning the effects of exercise on 
lipid concentrations is at best, confusing, variations in human 
studies is staggering and thus not extremely applicable to animal studies. 
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Even in studies utilizing experimental animals some important vari­
ations exist whose influence is hard to assess. For these reasons I 
shall try to limit this review to animals of the same species and diet 
conditions. 
Many reports indicate that exercise reduced serum cholesterol. 
Jones £t (1964) swam animals six days/week for 15 weeks, in­
creasing duration and percent of body weight attached to a maximum at 
six weeks of 3.5% body weight attached. They observed an increased 
serum cholesterol in both exercised and nonexercised groups during the 
experiment.but the exercised group had the smaller increase. They con­
cluded that exercise prevented the increase in serum cholesterol 
normally associated with aging. There was no observed change in 
hepatic cholesterol, Montoye et al. (1962), observed similar decreases 
in serum cholesterol in rats under similar conditions, 
Gollnick and Simmons (1967) using 15, 30 and 60 minute/day 
ô^ iusuiîîg j^LÎïiês â iîêCiêâSê iii ù:!ôi.êsCc:i.'ujL viriC.ii âii êÂêiCiàs: 
times. Plasma cholesterol was significantly lower only when 60 
minutes/day swinming was used. All exercise groups excreted sig­
nificantly more sterol in the feces, 
Papadopoulos et al. (1969), utilized 4 hr/day swimming for four 
weeks and found lowering la serum cholesterol and triglycerides. There 
seemed to be a relationship between the severity of the exercise and 
its cholesterol lowering capabilities. 
Conversely, a number of investigators have reported quite different 
results. Gollnick (1963) using 30 min/day swimming for 22 weeks found 
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no change in serum cholesterol but a significant decrease in hepatic 
cholesterol. 
Hanson £t fid. (1967) used 30 min/day swimming for six weeks 
observed increased serum cholesterol in their exercise groups. Lewis, 
Page and Brown (1961) exercised rats for 8 hr/day and still found no 
effect on either serum or hepatic cholesterol. 
Naito (1971) used exhaustive swimming six days/week for ten weeks 
in 70 to 140 day old rats and observed a significant decrease in serum 
triglycerides but not in serum or hepatic cholesterol. In a pilot 
study to this work (Story and Griffith, 1972b)we used the same type 
ox SKSTCîSS wibJî 200 to 270 dsy old rats snd -found significant dscrsssss 
in serum and hepatic cholesterol. 
Carlson and FrBbere (1969) reported significant changes in both 
serum and hepatic cholesterol and triglycerides in 12 to 13 month old 
rats exercised on a treadmill, 3 hr/day for three weeks. 
The finding that exercise increased the excretion of cholesterol-
26-^^C (Malinow, McLaughlin and Perley, 1968) led to further study on 
the direct effect of muscular activity on cholesterol metabolism. 
Malinow, Perley and McLaughlin (1969) found that removal of the adrenal 
glands decreased the rate of cholesterol oxidation, both at rest and 
with niiiseulaf êxsfèisé. Using hêpâtéCî.Oîi!iâôd-àdïèriâlêûtûîr!iZcu âniîûâls 
inow et al,, ly /U/ concluded that both the liver and the 
adrenals were mainly responsible for the oxidation of cholesterol. 
Further investigation is necessary before this theory is accepted 
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since the surgical methods were quite extensive and therefore might 
have affected the results. 
Two mechanisms involved in the TG lowering effects of exercise 
were thoroughly described by Carlson and Froberg (1969)They are; 
(1) Increases in the flow of substrate to muscle and/or increases in 
lipoprotein lipase resulted in increased peripheral uptake of TG 
(this enzyme has also been related to thyroxine levels (Porte et al.1966) ) 
and (2) decreases in hepatic TG formation from free fatty acids from 
adipose tissue, from dietary lipids through chylomicrons, or by 
llpogenesis. Exercise may result in either or both of these resulting 
in lowered triglyceride concentrations. 
ïft sunanary it seems that several experimental conditions have an 
effect on the outcome of these studies. Among these are type of exercise, 
duration of daily exercise, duration of experimental perlou, and âge 
of the animals. 
Various types of exercise have long been known to lead to cardiac 
hypertrophy in experimental animals (Steinhaus, Hoyt and Rice, 1931; 
Tepperman and Pearlman. 1961s Crews and Aldinger, 196?j Hearn and Wainc, 
1956s and Gollnick, 1963). 
HcÂrdxe and Montoye (1907) observed a positive correlation be­
tween swinmiag time and heart weight per gram body weight. Although 
it was not a statistically significant correlation, it does indicate 
the degree of the relationship. 
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The thyroid hormones have also been known to cause cardiac 
hypertrophy (Hoskins, 1916; Cameron and Carmichael, 1920; Goodpasture, 
1921; Sandler and Wilson, 1959; Van Liere and Sizemore, 1971; and 
Korecky and Beznak, 1971). 
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METHODS AND MATERIALS 
Treatment of Animals 
Male rats of the Sprague-Dawley-Rolfsmeyer strain were maintained 
in a temperature controlled (25^3° C), artificially lighted room 
(8 A.M. to 10 P.M.). Wayne Lab Blox and water were provided ad 
libitum. 
Animals were of two age groups; A young group, seventy, and an 
old group, two-hundred days of age at the beginning of the experi­
mental period. Each of these groups was subdivided into an exercise 
(Ex) group, which received exhaustive exercise by swimming, and a non-
exercise (NE), control group. 
Swimming Techniques 
Exercise was carried out in 35^2° C water in a temperature con­
trolled (25t3° C) room. Large plastic tanks were filled to a depth 
of approximately 21 inches, A wetting agent was added to the water 
to prevent the hair from trapping air, which would give the animal 
added buoyancy^ A weight amounting to four percent of the rat's body 
weight was attached to its tail. A state of exhaustion was taken as 
the point when the rat was unable to surface for ten seconds (Dawson 
and Horvath, 1970). At this point the rat was removed from the water, 
riûâëu iû plain wâcér or a similar temperature, and returned to its 
cage. Swimming was administered five days per week for ten weeks. 
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with an accurate record of the time to exhaustion maintained for each 
rat. A four day pre-training period, during which the weight at­
tached to the tail was added in increments, preceded the experimental 
period. 
Handling of Tissues 
At the end of the ten weeks the animals were sacrificed by de­
capitation while under light anesthesia (sodium pentobarbital, ip). 
All animals were fasted for twelve hours previous to their sacrifice. 
Blood was collected in glass cëtitriftige tubes aad later cêntrifugëd 
(1000 X g, 20 min). Serum was decanted into 2 dram vials and frozen 
and stored at -20° C. Livers and hearts were removed, frozen in 
liquid nitrogen, and stored in separate Kapak pouches at =20" C, 
Hearts were trimmed to leave only ventricles. 
Thyroid Hormone secretion Kate 
TSR was measured during the ten days immediately preceding the 
experimental period, and during the last ten days before sacrifice. 
Ths iodine—131—thyroxine substitution method of determining TSR 
was used as described in Appendix A. 
Determination of Cholesterol and Triglyceride Concentrations 
Serum and hepatic cholesterol and triglycerides were analyzed 
simultaneously using the Technicon Auto-Analyzer. Duplicate serum 
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extractions were made with a combination of the methods described by 
Autoanalyzer Method File N-24a (Technicon, 1965) and that of Kessler 
and Leaderer (1966) as modified by Ewan (1969). Hepatic tissue samples 
were lyophilized and duplicate extractions made using a modification 
of the method described by Wiggers, Jacobson and Getty (1971) and 
outlined in Appendix B. 
Cardiac Nucleic Acids 
Due to great variability in many measures of heart size, deter­
minations of cardiac DNA and RNA were utilized to achieve a much more 
accurate Indication of the effects of exercise. 
Hearts were defatted using two 24-hour extractions with chloroform/ 
methanol (2/1); followed by two 24-hour ether extractions. The lipid 
free tissue was dried, weighed and ground to a fine powder with a Wiley 
mill. 
DNA and RNA were extracted simultaneously from 25 mg samples of 
dry, fatfree tissue (DFFT) using hot trichloracetic acid (Schneider, 
1945). DNA was determined by the diphenylamine method (Burton, 1956) 
and RNA by the orcinol method (Mejbaum, 1939) as outlined by Schneider 
(1957). 
Hydrolyzed standard, stock solutions of DNA and RNA were prepared as 
described by Webb and Levy (1955), Colorimetric phosphorus determinations 
(Fiske and Subbarow, 1925) were utilized to more accurately establish the 
concentrations of these standards. Individual DNA determinations were 
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made by comparing each sample preparation with these standards at 600 
mu. RNA was read at 660mu, 
Analysis of Data 
All data analyses were carried out using the Statistical Analysis 
System (Barr and Goodnight; 1971)^ The MEANS procedure was used to 
calculate the means and standard errors. The REGRESSION procedure was 
used to calculate the analysis Cx variance \ANOV/» The treatment sums 
of squares was partitioned into main effects of age and exercise and 
the age-exerciss interaction. When the age-exercise interaction was 
not significant, the ANOV was recalculated partitioning on the main 
effects only. Least significant differences (Isd) were calculated 
using the error mean square as the best estimate for the variance 
(Snedecor and Cochran, 1967). 
In some cases a regression on final body weight was used to 
correct for the effects of body weight. The results of these analyses 
will be discussed. 
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RESULTS AND DISCUSSION 
For convenience, all variables will be referred to by an ab­
breviation, These abbreviations and the units of all variables are 
listed in Table 1. The four groups will be referred to as Y-NE for 
young, no exercise, Y-Ex for young, exercise, 0-NE for old, no 
exercise, and 0-Ex for old, exercise. 
Means, standard errors of these means, least significant differ­
ences (Isd), and analyses of variance (ANOV) for all variables are 
listed in Tables 2 through 24. Correlation coefficients and their 
probabilities are listed in Table 25, 
. The variables have been divided into four groups for purposes 
of discussion. They are; (1) Body weight, weight gain, and swim 
timej (2) thyroid activity: (3) lipid dynamics: and (4) cardiac hyper­
trophy. A group of tables is assigned to each of these groups and 
will be presented with the text of its discussion. 
Body Weight, Weight Gain, and Swim Time 
As can be seen from the ANOV" s (Tables 3 and 4) and the compari­
sons made using the Isd values (Table 2), both age and exercise had 
very marked effects on FEW and ADG. 
?BW of 330,25 g in the Y-Ex was significantly lov?sï than £he 
380,81 g of the Y-NE, Simiiariy, 0»£x (409,89 g) was significantly 
lover than 0-NE (470.8? g). Age caused an increase in body weight a-s 
seen by comparing the FBW's for Y-NE and 0-NE, 
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Table 1. Variable abbreviations and units 
Variable Abbreviation Units 
Thyroid hormone secretion 
rate at beginning of ex­
periment TSRl ;ug L-thyroxine/100 g B.W./day 
Thyroid hormone secretion 
rate at end of experiment TSR2 /ig L-thyroxine/100 g B.W./day 
(TSRl - TSR2) DIFP ;ig L-thyroxine/100 g B.W./day 
Final body weight FEW grams 
Average daily gain AD6 grams/day 
Swim time ST minutes 
Serum cholesterol SGHOL mg/lOÔ ml serum 
STG L^/IGO si sssss 
Hepatic cholesterol HCHOL g/100 g dry tissue 
Hepatic triglycerides HT6 g/100 g dry tissue 
Heart eeight KWT wsy fat fsee tissus 
CôKÊêCtêu uêôst weight CHI?r ssg dry fat fr@@ tlëëuë/lOG g 5 
Total cardiac DMA TDNA A»g 
Total cardiac SNA TRNA iug 
Cardiac SSA pss unit cardiac 
tissue DNAM6 Aig DNA/mg dry fat free tissue 
Csrdicc RNÂ per unit cardiac 
tissue RNAMG Jig RNA/mg dry fat free tissue 
GâtdiàÊ SRA pâË usi& bê^ 
weight QHABH fig mA/lQQ g B.W. 
Cardiac WiA «ait 
wBighe mMrn Mg iWViOO g B/rf, 
Cardiac RNA per unit 
cardiac DNA RPD iUg RNA/ug DNA 
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Table 2. Means, standard errors and least significant differences 
for variables FBW, ADG, and ST 
Variable Young Young Old Old lsd 
No 1 exercise Exercise No exercise Exercise 
(Y-NE) (Y-Ex) (0-NE) (0-Ex) (P<0.05) 
(n=16) (n=16) (n»15) (n=9) 
FBW (g) 380.81*'- 336.25* 470.87^'^ 409.89^ 17.21 
11.99* 8.87 14.22 13.36 
ADG (g/day) 2.084*'b 1.368* 0.345G'b -0.252^ 0.165 
0.117 0.092 0.078 0.220 
ST (min) M m# 3.89 mm mt 2.54 0.78 
— — 0.41 — — 0.13 
^Y=NE vs. Y=Ex is si gnifleant (P<0.05). 
^-NE vs. 0-NE is significant (P<0.05). 
^0-NE vs. 0-Ex is significant (P<0.05). 
•Standard error of the mean. These footnotes apply to Tables 
2, 6, and 10, also. 
Table 3. Analysis of variance for FBW 
Source d.f. y value froD y r 
Treatments 
Age 
2 
1 
exercise 
35.27 
45.09 
17.39 
U. WUJi 
0.0001 
0.0003 
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Table 4. Analysis of variance for ADG 
Source d.f. F value Prob > F 
Treatments 2 108.11 0.0001 
Age 1 201.06 0.0001 
Exercise 1 31.67 0.0001 
Table 5. Analysis of variance for ST 
Source d.f. F value Prob > F 
Treatments (age) 1 5.80 0.0231 
One of the best measures of the effects of the exercise is the 
measure of ADG durisg the period. As illustrated in 
Figure 1, the young animals continued to gain weight during the exercise 
period, but at a slightly lower rate. This is pointed out by comparing 
the ADG for Y-NE (2.084 g/day) and Y-Ex (1.368 g/day). On the other 
hand- the old animals lost weight during the experimental period 
(Figure 2) as seen by comparing 0-NE (0,345 g/day) with 0-Ex (-0.252 
g/day). The exercise had a greater effect on the weight gain of the 
older animals. The old animals also had a much lower ADG in their 
control group than did the young. 
Figure 1. Average, weekly weights for the young group of animals 
(0 = no exercise, X = exercise) 
Figw&ê 2o Average, weekly weights for tiie old group oî anxSiajLs 
(0 * no exercise, X =* exercise) 
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WEIGHT (grams) 
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I WEIGHT (grams) 
(same as obove) 
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The changes In FEW are due mainly to a loss in body fat as 
described by Jones et al. (1964), and Hanson et al. (1967). They re­
port this loss in body lipids to be mainly from the epididymal and 
visceral fat deposits. This was substantiated by gross observations 
on these animals at the time of sacrifice in the present investigation, 
Naito (1971) also described such an alteration in FBW with exer­
cise. He observed changes in response to various physiological doses 
of thyroxins. The higher doses of thyroxine resulted in lower FBW. 
This has also been described by Grossie and Turner (1961)* 
The correlation coefficient (R) between FBW and TSR2 (-0.442) 
is highly significant (P < 0.0009). Thus the FBW is correlated with 
the TSR in a physiological state. Previous studies have not demon­
strated this relationship in the intact animal. 
The other R's make quite evident the usefulness of FBW as an 
indicator of physical condition. SCHOL, STG, HCHOL, HTG, HWT, and 
CHWT are all significantly correlated with FBW. These variables make 
up a very reliable profile of physical fitness and their correlation 
with FBW would seem to be very useful for such an estimate. 
À comparison of ADG with DIFF seen® to be applicable since both 
are -affected by the exercise and are somewhat independent of their 
starting points. The ADG-DIFF R was -0.2352 (P < 0.0774). Thus the 
animals who had an increase in ADG had a decrease in DIFF. In other 
words, a lowering of TSR would correspond to an increase in weight gain 
which is in good agreement with the earlier discussions of TSR2 and 
FBW relations. 
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ST is significantly affected by age (Table 5). Young animals 
endurance time was 3.89 min while the old was 2.54 min. This indicates 
a lower capacity for work in the old animal due to the decreased 
availability of energy. This is a result of the overall decrease in 
metabolic rate, in response to, at least in part, a lower TSR. 
ST is well correlated with FBW and ADG with R's of -0.4183 
(P < 0.0354) and 0.4043 (P < 0.0427), respectively. This is not sur­
prising since the effects of exercise on FBW and ADG were significant. 
The correlation between ST and CHHT (0.3945) was significant 
(P < 0.0485). This is in agreement with McArdle and Montoye (1967). 
The degree of hypertrophy of the heart seems to be well correlated 
with the duration of the exercise. Since increased work load is the 
usual stimulus for hypertrophy of the heart, this relation seems 
reasonable. 
A more marked correlation was expected between ST and TSR2 since 
earlier evidence (waito, 1971) indicated an increase in ST with in­
creased levels of L-thyroxine, within a physiological range. The R 
(0,0850); although positive, is far from significant (P < 0.6885). 
It appears that in a truly physiological situation, the relationship 
between ST and TSR is not nearly as strong as in a pharmacological 
situation. 
Thyroid Activity 
TSRl was significantly affected by age but not by exercise (Table 
7), This is fully expected since the two groups are homogeneous 
samples, except for age, at the beginning of the experiment. The only 
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Table 6. Means, standard errors, and least significant differences 
for variables TSRl, TSR2, and DIFF 
Variable Young 
No exercise 
(Y-NE) 
(n=16) 
Young 
Exercise 
(Y-Ex) 
(n=16) 
Old 
No exercise 
(0-NE) 
(n=15) 
Old 
Exercise 
(0-Ex) 
(n=9) 
Isd 
(P<0.05) 
rSRl (ug L=T4/ 1.297^ 1.359 1.067% 1.083 0.099 
0.057* 0.072 0.067 0.093 
1.297*'b 1.453* O.SOOf'b 1.028^ 0.106 
0.065 0.069 0.078 0.097 
0.000^ -0.094 0.267C,b 0.056^ 0,129 
0.092 0.099 0.090 0.100 
Table 7. Analysis of variance for TSRl 
Source d.f. F value Prob > F 
Treatments 2 6,79 0.0027 
Age 1 12.43 0.0012 
Exercise 1 0.38 0.5461 
significant difference, when means are compared (Table 6). is between 
Y-NE (1.297 ug L-thyroxine/lOO g B.W./day) and 0-NE (1,067 ug L-
thyroxine). 
TSR2, on the other hand, had significance due to both age and 
SXercisG (Table S). The dlf£6£6îicé.s bêtwêêft tué means ûf Ex âïlu NE 
in both age groups are now significant (1.297 vs. 1.453 for the young 
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Table 8. Analysis of variance for TSR2 
Source d.f. F value Prob > F 
Treatments 2 23,98 0,0001 
Age 1 37,48 0.0001 
Exercise 1 6,00 0.0167 
and 0,800 vs, 1,028 for the old). Since the two exercise groups within 
each age group were not signiflGantly different before the experiment, 
the change in TSR during the experiment must bè due to the exercise 
program. 
Both TSRl and TSR2 substantiate the well established decline in 
TSR with age (Kumareson and Turner, 1967j and Grad and Hoffman, 1955), 
In the young, the TSR actually increased during the experimental 
period, siniilar to the effects Irvine (1967) observed in trained 
horses. In the old, however, the effect seemed to be an absence of 
the normal decline in TSR which occurs with the aging process. The 
change in both cases is probably due to changes in thyroid hormone 
turnover. As previous evidence indicates (Irvine. 1967: and Escobar 
del Rey and Morreale de Escobar, 1956), the increase in peripheral 
utilization of thyroid hormones would result in an increased TSR via 
pituitary feed back. 
Earlier work (Story and Griffith, 1972b) suggested similar changes 
from indirect evidence with exogenous physiological doses of thyroxine, 
A physiological hyperthyroid animal had similarities in serum and 
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Table 9. Analysis of variance for DIFF 
Source d.f, F value Prob > F 
Treatments 2 4.41 0.0166 
Age 1 5.43 0.0223 
Exercise 1 2.36 0.1266 
hepatic cholesterol levels when compared to exercised, intact thyroid 
animals. Also, the effects of exercise on these lipid concentrations 
was impossible to create without the intact thyroid. Naito (1971) 
also suggested such an increase in TSR as part of the change caused 
by exercise which results in the alterations in lipid dynamics. 
The R between TSRl and TSR2 (0,4357) indicates a certain degree 
of accuracy in the TSR determinations, since one would expect animals 
W C*Ti t ^ la j A C*T% t 1^ A»' •«. — j ^ j ^ . 
feeted its changes. 
DIFF was designed as a parameter which was a better measure of 
the changes taking place during the experiment since it was fairly 
independent of initial and final levels. The ANOV (Table 9) indi­
cates a significant effect of age (P < 0,0223) on BIFF, TSR was 
changed significantly more in the older animal (P < 0,05) which is 
evident when comparing BIFF for Y-NS (0,000) to 0-KS (0,267), Since 
DIFF is defined as TSRl minus TSR2, the old animals apparently had a 
larger decrease in TSR, 
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The effects of exercise on DIFF approached significance in the 
ANOV (P < 0,1266). By observing the means we see that the old group's 
DIFF was significantly lower in Ex than in NE. This supports what 
was mentioned earlier, that the exercise prevented some of the decline 
in TSR due to aging. 
The overall effect of exercise seems to be an increase in thyroid 
activity. Age seems to affect the type of response to exercise since, 
in the young, the TSR was increased, while in the old, it was maintained 
at a more youthful level. 
Lipid Dynamics 
As can be seen in the ANOVs (Tables 11 through 14), age had 
significant effects on all lipid classes. The probabilities were 
P< 0.0002 for SCHOL, P< 0.0097 for KCHOL, P < 0.0377 for STG, and 
P < 0,0001 for HTGo These differences indicate that aging has a sig­
nificant effect on lipids even at these ages. In addition, these 
differences are great enough to allow study of the effects of experi­
mental conditions on these aging processes. 
Exercise had a significant effect on only STG (P < 0.0427). 
However, SCHOL and HCHOL had age x exercise interactions which approached 
significance (P ^  0.0519 snd 0.0916, îrêspèctiv^êly), Thêsê iriterâCtiOîiS 
were due to the difference in the direction of the changes as seen in 
Table 10. In these cases information must be taken from the means and 
their Isd values. 
Looking at the specific means, the young STG (99.21 mg% to 72.36 
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Table 10. Means, standard errors, and least significant differences 
for variables SCHOL, STG, HCHOL, and HTG 
Variable Young 
No exercise 
(Y-NE) 
(n=16) 
Young 
Exercise 
(Y-Ex) 
(n=l6) 
Old 
No exercise 
(0-NE) 
(n=15) 
Old Isd 
Exercise 
(0-Ex) (P<0.05) 
(n=9) 
SCHOL (mg%) 50,20^ 53,81 65.27^'^ 59.52^ 3.68 
1.33* 1.31 3.31 3.25 
STG (mg7.) 99.21*'^* 72.36* 112.97^ 102.46 13.71 
11 sn 7.53 6.14 14.56 
HCHOL (g/lOOg 1.139* 1.045* 1.168 1.177 
dry tissue) 0.027 0.025 0.033 0.032 
0069 
HTG (g/lOO g 2.068^ 1.939 3.007^ 3.001 0.201 
dry tissue) 0.080 0.112 0.170 0.242 
Table 11. Analysis of variance for SCHOL 
Source d.f. F value Prob > F 
Treatments 3 8.82 0.0002 
Age 1 19.03 0.0002 
Exercise 1 0.20 0,6606 
Age X Exer, 1 3.86 0.0519 
Table 12. Analysis of variance for STG 
Source d.f. F value Frob > F 
Treatments 2 4.93 0.0108 
Age 1 4.43 0.0377 
Exercise 1 4.21 0.0427 
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Table 13. Analysis of variance for HCHOL 
Source d.f. F value Prob > F 
Treatments 3 4.37 0.0082 
Age 1 7.15 0.0097 
Exercise 1 1.99 0.1609 
Age X exer. 1 2.89 0.0916 
Table 14. Analysis of variance for HTG 
Source d.f. F value Prob > F 
Treatments 2 24.66 0.0001 
Age i 47.33 0.0001 
Exercise 1 0.29 0.5960 
mg7.), HCHOL (1.139 g/100 g to 1.045 g/100 g), and HTG (2.068 g/100 g 
to 1,939 g/100 g) were all decreased in the exercise group, with STG 
and HCHOL being significantly lower (P < 0.05). The SCHOL in the young 
was actually higher in the exercise group; the difference was not sig­
nificant, however (50.20 mg% for the NE and 53.81 Jng% for the Ex). The 
old SCHOL was significantly lower in the exercise group (65.27 mg% 
to 59,52% mg%), STG was lowered (112-97 mg% to 102.46 mg%) while 
HCHOL and HTG were changed very little. The means of all lipid 
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classes were significantly higher in 0-NE than in the Y-NE as was 
shown in the ANOV's, 
Hruza (1971b) has established that some blood borne factor is in­
fluencing cholesterol turnover in the aging rat. He also (1971a) has 
suggested that this decreased turnover is due to a decreased sensi­
tivity of cholesterol metabolism to thyroid hormones and insulin and by 
lower TSR, Present observations support the idea of decreased TSR 
paralleling increased lipid concentrations with advancing age. These 
increases in lipid concentrations are in agreement with a well es-
tâbliëhêu pâttêSû lu lipid ûiêtûuoliâm (KïitchêVSky âîiu Têpper, 1964; 
Carlson. Probers and Nye. 1968; and Story and Griffith, 1972b), 
The relationships between TSR2 and SCHOL, STG, HCHOL, and HTG, as 
seen in their correlation coefficients, indicates that this relation 
between TSR and lipid dynamics exists physiologically. The R values 
are -0=3097 for SCHOL, -0,1683 for STG, -0,2419 for HCHOL, and -0.5331 
for HTG, ail of which are significant except STG (P < 0.2126). The 
effect of thyroid hormones as administered exogenously (Weiss and Marx, 
1955: Naito- 19712 and Story atid Griffith, 1972b) or directiy in vitxo 
(Kritchevsky, 1960) seem to have the same relationship with lipid con­
centrations in a truly physiological situation. A "cause and effect" 
relationshin between these factors cannot be assumed from these corre­
lations. Due to the large amount of svidsncs tying thyroid activity 
and lipid metabolism, the fact that all are indicative of an inverse 
relation and at least approach significance, is a substantial finding. 
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Since this exercise program has altered TSR and a significant re­
lation has been found between TSR and lipid levels, a lowering of lipid 
levels would be expected. The observations made here follow a proper 
trend; however, only a few of the changes were significant. The change 
in TSR in response to exercise must not have been sufficient to change 
lipid concentrations significantly. This effect may be direct or, at 
least in part, indirectly through GH (Byers- Friedman and Rosenman. 1970)., 
Another mechanism which might have affected lipid dynamics is the 
direct effect of the muscular activity on cholesterol oxidation (Malinow, 
Perley and McLaughlin, 1969). The effect this change has on long term 
exercise programs is questionable, since most of these ideas were de= 
rived from studies on the direct, short term effect of muscular activity 
on cholesterol oxidation, 
TG are significantly affected by several other mechanisms. Carlson 
and FrSberg (1969) have suggested two main mechanisms for the hypotri-
glyceridemic effects of exercise. They are; (1) An increased uptake of 
plasma TG in peripheral tissues; and (2) decreased formation of TG by 
the liver. These mechanisms, in addition to the significant effects of 
the change in TSR, resulted in the significant effects of exercise on STGL 
Cardiac Hypertrophy 
Since it was known that heart size would be related to body weight, 
some correction in the heart weight was sought so that valid comparisons 
could be made. This was substantiated by the R between HWT and FBW, 
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0.5645, which was significant at P ^  0.0001, Thus the variable CHWT 
was used. For the same reasons, DNA and RNA were expressed both as 
TDNA and TRNA, and DNABW and RNABW. The ANOV for each of these vari­
ables displayed questionable results (Tables 16-19 and 22 and 23); i,e,, 
HWT, TDNA, and TRNA all failed to have significant treatment F-tests, 
while when corrected for FEW (CHWT, DNABW, and RNABW) all were 
very significant. 
Table 15. Means, standard errors, and least significant differences 
for variables HWT, CHWT, TDNA, TRNA, DNAMG, RNAMG, DNABW, 
RNABW, and RFD 
Variable Young 
So exercise 
Young 
Exercise 
Old Old 
No exercise Exercise 
Isd 
(Y-NE) 
(n=16) 
(Y-Ex) 
(n=16) 
(0-NE) 
(n=15) 
(0-Ex) 
(n=9) 
(P< 0.05) 
HWT (n%) 187.89 
8.65* 
188.21 
4.28 
199.63 
5.37 
206.06 
4.82 
CHWT (mg/ 
100 g B.W.) 
49.373**b 
1,828 
56.146* 
0.938 
42,580F 
0.883 
50.482^ 
1.101 
1.852 
fr»rvM A 1 CO 
W 
1QSA OQ 1AA0 70 1513.90 
(MS) 61.63 22.89 37!l7 65] 54 11 
3622.04 
163.05 
3778.28 
51.41 
3719.72 
135.10 
3990.08 
117.52 
DNAMG (Mg/ 
mg tissue) 
7.313 
0.126 
7.110 
0.092 
7.231 
0.102 
7.348 
0.272 
RNAMG (jug/ 
ûig tissue) 
19.368 
0.422 
19.981 
0.549 
18.647 
0.427 
19.433 
0.672 
DNABW (jug/ 
100 g B.W.) 
360.70*'-
14.17 
39o*vv™ 
6.13 
307,77-' 
7.45 
- 370.20-
12.76 
14.95 
RNABW (ug/ 
iOO g BJwL) 
953.69*:^ 
36.30 
1123.75* 
39.01 
796,41^' 
30,15 
^ 983.76^ 
48 = 46 
53.11 
RPD (jUg/jug) 2.656 
0.065 
2.821 
0.094 
2.585 
0.077 
2.659 
0.096 
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Table 16, Analyses of variance for HVJT 
Source d.f. F value Prob>F 
Treatments 2 
Age 1 
Exercise 1 
2.44 
4.87 
0.19 
With regression for FBWI and FBW2 
Treatments 4 12,14 
Age 1 1.98 
FBWI 
FBW2 
12,89 
32.07 
13.06 
0.0942 
0.0298 
0.6660 
0.0001 
0.1621 
0.0011 
0.0001 
0.0010 
Table 17. Analysis of variance for CHWT 
Source d.f. F value Prob>F 
Trestnissts 2 29.85 0.0001 
Age 1 22.48 0.0001 
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Table 18, Analyses of variance for TDNA 
Source d.f. F value Prob > F 
Treatments 2 2.95 0.0594 
Age 1 5.89 0.0177 
Exercise 1 0.04 0.8381 
With regression for FBWl and FBW2 
Treatments 4 7.61 0.0002 
Age 1 1.42 0,2380 
Exercise 6.24 0.0150 
FBWl 1 18.01 0.0002 
FBW2 1 7.01 0.0104 
Table 19, Analyses of variance for TRNA 
Source d,f. F value Prob > F 
Treatments 
Age 
Exercise 
2 
I 
1 
1.15 
0.87 
1.70 
0.3245 
0.6426 
0,1955 
With regressions for FBWl and FBW2 
Treatments 
Age 
Exercise 
FBWl 
k 
1 
1 
1 
4,75 
4.65 
8.69 
15.92 
G.002S 
0,0336 
0.0050 
0.0004 
FBW2 1 0.90 0.6506 
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Table 20, Analysis of variance for DNAMG 
Source d,f. F value Prob>F 
Treatments 2 0.24 0.7919 
Table 21. Analysis of variance for RNAMG 
Source d.f. F value Frob>F 
Treatments 2 1.88 0.1613 
Table 22. Analysis of variance for DNABW 
Source d.f. F value ProbzF 
Treatments 2 20.41 0.0001 
Age i 15.62 0.0003 
Exercise 1 20.16 0.0001 
Table 23, Analysis of Vûciàîlûâ for RNABw 
Source d,f. F value Prob>F 
Treatments 2 21.20 0.0001 
Age 1 15.43 0.0005 
Exercise 1 21.75 0.0001 
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Table 24. Analysis of variance for RPD 
Source d.f, F value Prob > F 
Treatments 2 2,36 0.1021 
It was feared that all effects seen in these corrections were due 
to the correlations with FBW. These effects are evident from the means 
of these variables (Table 13: it should be mentioned that Isd com­
parisons are not legitimate when the treatment F-test Is not significant. 
These values have been craitted for this reason,) In addition, for a 
correction such as the per 100 g B.W., a near perfect correlation be­
tween the two variables is needed to insure accuracy throughout the 
range of these variables. Even though the R values were very significant, 
they did not approach 1,0 which would be necessary for this correction 
to be accurate. The R's were 0,5644 for HWT, 0,5250 for TDNA, and 
0,2522 for TRNA, 
For these reasons a regression on P5% was carried out on HWT, TDNA, 
and TRNA to serve as another means of correction for the variation 
caused by the FBW-HWT relationship. Comparisons of these regressions 
A-'i jrvjujig £sucj uiu auj.2!!i:^ 3 wiwiin SâCÎï VâïiSt'iS iHuiCStSd thst the tVO 
were significantly different. This difference is due to the young 
animal being in the dyn^îç phase of weight gain while the old animals 
were in a state of nearly constant weight. This resulted in the separate 
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correction for young FBW (FBWl) and old FEW (FBW2) as seen in the 
ANOV's for these variables (Tables 16, 18, and 19). 
With this more accurate correction, HWT, TDNA, and TRNA were found 
to have a significant effect of exercise but not age, with the exception 
of HWT which had significance, due to both effects. Even though 
significant, this change, was not sufficiently- large so as to alter 
the RNAMG. 
DNAMG, RNAMG and RPD had no significance in response to either 
effect and the regressions with FBW were also not significant (Tables 
20. 21 and 24). 
These findings are in agreement with most findings concerning 
cardiac hypertrophy. However, most of the investigations have been 
done using experimental aortic stenosis to produce hypertrophy. The 
changes observed under these nonphysiological conditions are more marked 
than the slight hypertrophy produced by exercise. The results seem to 
be very similar in spite of these differences. 
Meerson (1969) reported similar increases in heart weight, 
paralleling DNA increases, resulting in a constant DNÀ per unit weight 
of tissue in rabbits and dogs, RNA/DNA ratios stabilized after the 
stenosis had been imposed for some time. After a dynamic phase of 
growth, including increases in protein mass, the heart reaches an 
equilibrium where proteins are being replaced at a normal rate and need 
for protein synthesis w^^chinsry returns to nornial. Nair et al. (1971/ 
report similar findings in rats. 
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It appears that physiological hypertrophy such as that caused by 
exercise (Crews and Aldlnger, 1967j Gollnlck, 1963; and Hearn and Walno, 
1956) leads to increases in TDNA, HWT, and TRNA, all to a similar ex­
tent, resulting in no change in DNAMG, RNAMG, or RPD, These alterations 
come about in response to an increased work load and are related very 
closely to FBW, 
Increases in DNA, however, are not due solely to increased mitotic 
rates, as these data may indicate. The mature heart is a well dif­
ferentiated muscle and undergoes little mitosis, Nair et (1971) 
suggested several mechanisms which may contribute to this increase in 
BNAe (I) Increased polyploidy, (2) increased mitosis. (3) karyokinesis 
without cytokinesis, (4) polyteny, (5) infiltration by round cells from 
the blood stream, and (6) increased mitrochondrial DNA all seem to con­
tribute to the increase according to their findings. 
Thus the increased work load has led to an increase in heart size 
with a corresponding increase in the nucleic acids necessary for main­
tenance of this increased size. The demands for these nucleic acids per 
unit of tissus are apparently not changed by the exercise programs 
The relationship between thyroid hormones and hypertrophy seems 
to be closely related to FBW. HWT has practically no relation with 
T3R2 (R = 0.0069) which seems to indicate little or no effect of thyroid 
levels, in s physiological state, on heart size. However correlations 
of TSR2 with CHwT- DNABw and RNABw are significant. Even though these 
corrections are not the best, as was mentioned earlier, they do remove 
much of the variation in HVTT caused by differences in FBW, There 
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appears to be a very strong relation'between TSR2 and these variables, 
with coefficients of 0.5328 for GHWT, 0.5062 for DNABW, and 0,4501 
for RNABW. This relationship should be fairly valid since all observa­
tions are within a rather small, homogeneous group of animals. Problems 
with this correction for body weight arise mainly in the extremes of 
the range. 
Table 25. Correlation coefficients for all variables (N=24 for ST 
and 56 fpr all other variables). 
TSRl TSR2 DIFF FEW ADG ST SCHOL STG HCHOL 
TSRl 1.000* 
.000+ 
.436 
.001 
.334 
.011 
-.200 
.135 
.383 
.004 
-.278 
.175 
-.163 
.228 
-.163 
.229 
-.268 
.043 
TSR2 .436 
.001 
1.000 
.000 
-.703 
.0001 
-.444 
.001 
.514 
.0002 
.085 
.689 
-.310 
.019 
-.168 
.213 
-.242 
.069 
DIFF .334 
.054 
-.702 
.0001 
1.000 
.000 
.307 
.020 
-.235 
.077 
-.317 
.120 
.195 
.145 
.048 
.728 
.041 
.759 
FEW -,200 
. 135 
-.444 
.001 
,307 
. 020 
1,000 
.000 
-,255 
.055 
-,418 
.035 
,466 
. 001 
,431 
. 001 
,231 
. 083 
ADG .383 
.004 
.514 
.0002 
-.235 
.077 
-.255 
.055 
1.000 
.000 
,404 
.043 
-.502 
.0002 
-.132 
.665 
-.220 
.099 
ST -.278 
.175 
.085 
.689 
-.317 
.120 
-.418 
.035 
.404 
.043 
1.000 
.000 
-.295 
.149 
-.096 
.653 
-.177 
.599 
SCHOL -.163 
.228 
-.310 
.019 
.195 
.145 
.466 
.001 
-.502 
.0002 
-.295 
.149 
1.000 
.000 
.337 
.011 
-.023 
.863 
STG -.163 
.229 
-.168 
.213 
.048 
.728 
.431 
.001 
= «132 
.665 
= e096 
.653 
.337 
.Ol'l 
1,000 
.000 
-.056 
.685 
HCHOL -.268 
.043 
-.242 
.069 
.041 
.759 
.231 
.083 
-.220 
.099 
-.177 
.599 
-.023 
.863 
-.056 
.685 
1.000 
.000 
HTG -.390 
.003 
-.533 
.0001 
.250 
.060 
.497 
.0003 
-.553 
.0001 
.404 
.091 
.353 
.008 
.204 
.127 
.582 
.000] 
HWT -.004 
.975 
.006 
.959 
-.010 
.937 
.564 
.0001 
-.081 
.559 
-.261 
.205 
.299 
.024 
.323 
.014 
.176 
.189 
CHwT .256 
.054 
.533 
.0001 
-.357 
.007 
-.656 
,0001 
.213 
.110 
,394 
,049 
-.232 
,082 
-.211 
,115 
-.132 
,666 
•Correlation coefficient. 
+ Probability of a greater R under HO; RHO = 0. 
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HTG HWT CHWT TDNA TRNA DNAMG RNAMG DNABW RNABW RPD 
-.390 -.004 256 -.095 -.023 -.162 -,037 .169 ,160 ,063 
.003 .975 054 .508 .861 .231 ,782 .212 ,236 ,650 
-.533 .006 533 -.006 .190 -.024 .141 .506 ,451 .145 
.0001 .959 0001 .963 .572 .857 ,301 .0002 .001 ,285 
.250 -.010 357 -.069 -.132 -,103 -.177 -.397 -.345 -,102 
.060 .937 007 .620 .668 .544 .189 .003 .009 .541 
.497 .564 656 .525 .252 -.046 -,314 -.654 -.630 -,247 
AAA1 ArtAl AAA! AKO •thi. Q Anm AAA1 AAA # wv^ # WVl vuv /x  e  vvrwx • ! -/T ,  WW* « www*  #  WW-T 
-.553 -.081 213 -.083 -.002 .001 .086 .213 .191 .073 
.0001 .559 110 .548 .984 .991 ,535 ,111 .156 ,599 
.404 -, 261 394 -.354 .044 -.208 ,283 ,215 .414 .352 
.091 .205 049 ,079 .828 ,319 .167 ,302 ,037 .081 
.353 .299 - 232 .169 .101 -.233 -.211 -.332 -.254 -.058 
,008 ,024 082 ,211 .538 ,081 ,115 ,012 ,056 ,673 
.204 .323 - 211 .235 .024 -.152 -.345 -.275 -.327 -.215 
.127 .014 115 ,078 .854 ,263 ,009 ,03o ,013 , iUo 
.582 .176 . 132 .271 .037 ,164 -.141 -,044 -.186 -.218 
.0001 .189 666 .041 .781 ,224 ,302 ,744 .167 ,103 
1.000 .278 -.349 ,351 .019 ,145 -.295 -,268 -.403 -,339 
.000 .036 008 ,008 .885 ,286 .026 ,043 .002 .010 
.278 1.000 236 ,168 .102 -,233 -.211 ,128 .124 .049 
.030 ,000 076 ,211 ,538 .081 .115 ,651 .635 .718 
-.349 .236 1 000 ,141 ,365 -,185 ,255 .887 .860 .331 
.008 ,076 000 .301 .006 .168 .055 .0001 .0001 .012 
Table 25. (Continued) 
TSRl TSR2 DIFF FBW ADG ST SCHOL STG HCHOL 
TDNA -.095 -.006 -.069 .525 -.083 -.354 .169 .235 .271 
.507 .963 .620 .0001 ,548 ,079 .211 =078 ,041 
TRNA -.023 
.861 
.109 
.572 
.132 
.668 
.252 
.058 
-.002 
.984 
.044 
.828 
.101 
.538 
.024 
.854 
.037 
.781 
DNAMG - .162 
.231 
.024 
.857 
.103 
.544 
.046 
.734 
.001 
.991 
.208 
.319 
,233 -.152 
.081 .263 
. 164 
.224 
RNAMG -.037 ,141 -.177 -.314 
, 189 . OIS 
.086 
. 535 
.283 
.167 
,all -.345 
,115 .009 
-.141 
.302 
DNABW .169 .506 -.397 -.654 
.212 .0002 .003 .0001 
,213 
.111 
.215 
.302 
.332 
,012 
'.275 
.038 
'i044 
.744 
RNABW .160 .451 -.345 -.630 .191 .414 -.254 -.327 -.186 
.236 .001 .009 .0001 .156 .037 .056 .013 .167 
RPD .063 .145 -,102 -.247 
.650 .285 ,541 .064 
.073 
.599 
.352 
.081 
.058 
,673 
-.215 
.108 
'.218 
.103 
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HTG HWT CHWT TDNA TRNA DNAMG RNAMG DNABW RNABW RPD 
.351 .168 .141 1.000 .664 . .296 -.060 .284 
=008 ,211 ,301 .000 .0001 .025 .664 .032 
.070 -.202 
.613 .131 
.019 .102 .365 .664 1.000 -.149 .576 .290 
.885 .538 .006 .0001 .000 .273 .0001 .029 
.571 .594 
.0001 .0001 
.145 -.233 -.185 .296 -.149 1.000 .065 .286 
.286 .081 .168 .025 .273 .000 .639 .031 
.112 -.482 
.585 .0004 
-.295 .,211 .255 -,060 .576 
.026 .115 .055 .664 .0001 
.065 
.639 
1.000 
nnn 
.273 .708 .841 
.040 .0001 .0001 
.268 
.043 
.128 
.651 
.887 .284 .290 
.0001 .032 .029 
,286 
,031 
.273 
.040 
1.000 
.000 
.780 .092 
.0001 .508 
.403 .124 .860 .070 .571 -.112 .708 
.002 .635 .0001 .613 .0001 .585 .0001 
.780 1.000 .688 
.0001 .000 .0001 
.339 .049 .331 -.202 .594 
.010 .718 .012 .131 .0001 
-,482 
.0004 
.841 .092 .688 1.000 
.0001 .508 .0001 .000 
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SUMMARY 
The present investigation was designed to explore the effects of 
exercise on thyroid hormone secretion rate (TSR), serum and hepatic 
cholesterol and triglycerides (TG) and cardiac size. Additional in­
formation on the physiological relationships existing among these vari­
ables was also sought. One-half of each of two groups of male rats, 
70 and 200 days of age, were exhaustively exercised 5 days/week for ten 
weeks by swimming. TSR was measured before the exercise period and 
TSR, serum and hepatic cholesterol and TG and cardiac DNA. and RNA. were 
measured at the termination of the experiment. 
Results of these comparisons Indicated the following: 
1. Final body weight and average daily gain were significantly 
lower in the exercised groups of both young and old animals. 
2. TSR was very well correlated with both final body weight and 
average daily gain. 
3. Exercise effectively increased TSR in both young and old animals. 
In the young TSR was increased and in the old TSR was maintained at a 
more youthful level. The result in both cases was a higher TSR in the 
exercised animal than nonexercised animals of the same age. 
4. Swim endurance time was significantly effected by age and was 
well correlated with heart size per unit body weight. 
5. The age difference used was sufficient to result in significant 
changes in TSR and all lipid levels studied, 
6. In general, exercise lowered lipid levels but few of the changes 
were significant. Serum cholesterol and hepatic TG were lowered 
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significantly in the young; while in the old, only serum cholesterol was 
significantly affected. 
7. All lipid classes studied were inversely correlated with TSR 
in this physiological state, 
8. Cardiac hypertrophy induced by this type of exercise is very 
closely related to body weight. The amount of cardiac DNA and RNA per 
unit tissue is not changed by exercise. However, total DNA and RNA are 
affected by exercise, when corrected for body weight. 
9. TSR is related to heart weight, DNA and RNA per unit body 
wsight but net to the total weight, DNA and RNA. 
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APPENDIX A 
Measurement of Thyroid Hormone Secretion Rate 
The iodine-131-thyroxine substitution method is based on the ability 
of exogenously administered thyroxine to block the release of all thyroid 
hormones from the thyroid through the negative feedback mechanism. 
By administering a dose of 1-131 and determining the amount of exogenous 
thyroxine necessary to block the release of 1-131, now part of the thy­
roid hormone molecules, from the gland, we can determine the daily se­
cretion rate of the animal. 
Materials 
lodine-131 was procured from New England Nuclear and diluted to 5 
microcuries/O.l ml in water, for injection, 
L-thyroxine stock solution of 100 microg^ams/ml was prepared and 
stored under refrigeration at pH 6 which resulted in the thyroxine re­
maining in a precipitated, inactive state. At the time of dilution 
for injection, a few drops of NaOH was added to return the thyroxine to 
solution. 
Count rate equipment included a Nuclear Chicago DS-5. 2 inch Nal 
scintillation crystal coupled with a Nuclear Chicago 1810 radiation 
analyzer and a Nuclear Chicago 1620A count rate meter. 
Procedure 
1, Each animal was injected, subcutaneously with 5 microcuries 
(0,1 ml) of 1-131 while under light, ether anesthesia. 
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2. Forty-eight hours later external thyroid counting and thy­
roxine injections were begun. 
Injections were given daily beginning at 0,25 micrograms/100 g 
body weight/day and incremented every other day by 0.25 micrograms/100 
g body weight/day. 
Counting was done by placing the rat with thyroid region directly 
over the scintillation detector. 
3. After correcting these counting rates for background and decay, 
the percent of the previous count rate was determined, when the count 
rate reached 95=100% of the previous count rate the dosage of thyroxine 
given for the previous two days is taken as the best estimate of the 
animals thyroid secretion rate. The TSR is expressed as micrograms of 
L-thyroxine/100 g body weight/day even though there are several thyroid 
hormones secreted by the thyroid. This standardizes all determinations 
MAAS* Jk ^ 
4. All counting and injecting was done at approximately the same 
time of day in all determinations (approximately 11:00 A.M.), Note: 
In many species this technique requires the use of a goitrogen to block 
the recycling of iodine. However, the rat has a sufficiently steep re­
lease of iodine from the thyroid so that no goitrogen is needed 
(Anderson, 1969). 
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APPENDIX B 
Determination of Hepatic Cholesterol and Triglycerides 
1. Random pieces of liver were placed in a 2 dram vial and 
lyophilized. 
2. Lyophilized tissue was pulverized with a stainless steel 
spatula and duplicate samples of approximately 100 mg were weighed out. 
3. Each sample was homogenized in a glass tissue homogenizer with 
isopropanol and then rinsed into a 4 ounce wide mouth bottle and placed 
on the shaker for 24 hours. 
4s This aiatsrisi was then rinsed into s 50 ml glass centrifugé 
tube and centrifuged at 1000 x g for 15-20 min, 
5. The supernatant was then decanted into a 25 ml volumetric flask 
and diluted to volume with isopropanol. 
6. Samples were stored under refsigeration (4°C) and later, 
cholesterol and triglycerides were determined using the Technicon 
Autoanalyzer. 
